ABSTRACT A finishing trial and a metabolism trial were conducted to evaluate sources of supplemental protein in dry-rolled corn (DRC) and dry-rolled grain sorghum (DRGS) diets fed to large-framed calves and to determine effects of grain and protein source on ruminal metabolism. In Exp. 
Introduction
Large-framed cattle require longer feeding periods than do cattle of smaller mature size to reach similar fat end points (Cundiff et al., 1981) . After weaning, many large-framed calves are finished on high-grain diets without a growing phase. Calves managed in this intensive system are younger during finishing than those that follow a traditional yearling or two-phase feeding systems. Thus, the metabolizable protein requirement of large-framed finishing calves may be greater than that of traditional yearling finishing cattle because younger cattle have greater rates of protein deposition (Byers and Rompala, 1980) . Grain protein constitutes the major portion of the total CP intake of cattle finished with high-grain diets. Grain sources may differ in the fraction of J. h i m . Sci. 1993 Sci. . 71:1047 Sci. -1056 protein that escapes ruminal fermentation (NRC, 1985) . Therefore, response to supplemental protein in finishing cattle diets may depend on grain source. The objectives of this study were to 1) determine whether large-framed calves fed high-grain diets require additional metabolizable protein beyond dietary and microbial contributions, 2 ) determine whether possible interactions exist between grain source (dry-rolled corn DRCI and dry-rolled grain sorghum [DRGS]) and protein source in altering gain and efficiency, and aPercentage on a dry matter basis. bBM = blood meal; FTH = feather meal. CUrea-based molasses supplement containing 50.6% CP, .55% P, vitamins (78,925 IU of vitamin M g , 15,789 IU of vitamin Dkg, and 20 IU of vitamin E/kg), and trace minerals (.37% of supplement DM; 2.25% Fe, 1.0% Zn, .64% Mn, 20% Cu, .18% Mg, .16% Go, and .55% I). d132 g of monensinkg of premix. e88 g of tylosinkg of premix. fBased on tabular values.
before initiating the study. In yr 1, 72 steer calves (BW = 275 k 4 kg) and in yr 2, 40 steer calves and 32 spayed heifer calves (BW = 264 k 3 kg) were fed in eight pens (yr 1, nine steers/pen; yr 2, five steers and four heifersipen). In yr 1, calves were blocked by weight, and in yr 2, calves were blocked by previous implant scheme (implanted [Synovex-C, Syntex
Agribusiness, West Des Moines, IAI vs nonimplanted) during suckling. Calves were allotted randomly within block to four treatments in a 2 x 2 factorial arrangement. Factors were grain source (DRC vs DRGS) and protein source. Protein sources evaluated were urea or urea and a 60:40 (CP basis) combination of blood meal (BM) and feather meal (FTH).
Calves were adjusted to their final diets using three adaptation diets containing 40 ( 3 d ) , 35 ( 4 d), and 25% ( 7 d ) roughage. Corn silage was assumed to contain 50% roughage. The final diets consisted (DM basis) of 74% grain, 15% corn silage, and 11% supplement (Table 1) . Using the urea fermentation potential system developed by Burroughs et al. (19741 , the diets (74% grain, 15% corn silage) required 1.1% additional urea, which resulted in 11.4% CP diets. To ensure adequate ruminal ammonia, diets supplemented with urea were balanced for 12.0% CP. Diets supplemented with urea-BMPTH were balanced for 12.0% soybean meal equivalent (Klopfenstein et al., 19851 , which resulted in 13.25% CP. Diets also contained (DM basis) 27.5 mgkg of monensin and 11 mg/kg of tylosin.
Calves were fed once daily (yr 1, 197 d; yr 2, 199 d ) and were implanted on d 1 with Compudose@ (Elanco Products, Indianapolis, IN) in yr 1. In yr 2, calves were implanted at 70 and 140 d with Synovex-S@ (Syntex Agribusiness) (steers) or with Synovex-H@ (Syntex Agribusiness) (heifers).
Initial weights were based on the average of weights taken on two consecutive days before feeding with feed intake (50:50, corn silage: alfalfa hay diet) limited to 2% of BW beginning 3 d before weighing. Hot carcass weight adjusted for a 62 dressing percentage was used to estimate final weight. Hot carcass weight and liver score were recorded at slaughter. Livers were scored based on the procedure developed by Elanco Products Company (1 974), which was modified to include a fourth category for liver abscesses adhering to either the diaphragm or digestive tract (Stock et al., 1990) . Fat thickness over the 12th rib and quality grade were recorded after a 48-h chill.
Metabolizable protein intake was calculated (Burroughs et al., 1974) using escape N estimates determined in the metabolism study and compared to for DRC-SBM contained 75% grain, 15% corn silage, 5% molasses supplement, and 5% dry supplement. The DRC-SBM diet contained 70% DRC, 15% corn silage, 5% molasses, and 10% supplement. All diets except DRC-SBM contained 1.19% urea. In addition, two diets contained an additional 1.55% of a 60:40 combination (CP basis) of blood meal and feather meal. Thus, diets containing DRGS contained more crude protein than diets containing DRC because of the higher CP content of DRGS (10.3%) than of DRC (9.6%). Steers were fed 12 equal proportions of feed daily using automatic feeders. Feed was offered in amounts that were as close to ad libitum intake as possible.
Fermentation Profile. Each metabolism period lasted 16 d, with the final 5 d used for ruminal dosing, sampling, in situ incubation, and ruminal evacuations. After 10 d of diet adaptation, ruminal fluid was collected via the ruminal cannula on d 11 a t 0800, 1200, and 1600 using the suction strainer technique (Raun and Burroughs, 1962) . Immediately after collection, pH was recorded with a combination electrode, and the remaining ruminal fluid sample was frozen for later analysis. Ruminal fluid was composited by animal within period and analyzed for VFA (Erwin et al., 1961) . Ammonia N was determined by an automated adaptation of the indophenol method of McCullough ( 196 7).
Chromium-Ethylenedinitrotetraacetic Acid Dosing.
The Cr-EDTA was prepared as described by Binnerts et al. (1968) , and 200 mL was pulse-dosed ruminally at 0800 on d 12. Ruminal fluid samples were collected at 4, 8, 12, 18, and 24 h after dosing and immediately frozen. After samples were thawed and centrifuged, Cr concentration was determined with an air-acetylene flame using atomic absorption spectroscopy. Liquid dilution rates were calculated as described by Jacques et al. (1986) .
Labeled Grain, Corn Silage, and Protein Supplements. Dry-rolled corn, DRGS, BM, and SBM were labeled with Yb. Corn silage and FTH were labeled with Er, based on the procedures outlined by Teeter et al. (1984) . Each feed was allowed to soak in a tub with 28 m M Yb or Er for 12 h at 25°C. Excess marker solution was strained through four layers of cheesecloth, and a weighted garden hose was inserted into the tub. The tub was covered with four layers of cheesecloth and the feed was rinsed with tap water for 6 h. The pH of the tap water plus feed was adjusted to 4.5 with HC1. The feed was allowed to soak for an additional 6 h and was rinsed again with tap water for 6 h. Excess tap water was strained through four layers of cheesecloth, and the labeled feedstuff was dried in a forced-air oven at 55°C for 48 h. Steers supplemented with BMFTH were pulse-dosed with 500 g of labeled BM and 500 g of labeled FTH and steers supplemented with SBM were pulse-dosed with 500 g of labeled SBM on d 12 at 0800. Ruminal digesta were sampled at 4, 8, 12, 18, 24, 36, and 48 h after dosing. On d 14 at 0800, steers were pulse-dosed with 400 g of corn silage and 1 kg of either labeled DRC or DRGS, depending on their dietary treatment. Ruminal digesta were sampled at 4, 8, 12, 18, 24, 36, and 48 h after dosing. Marker was extracted as outlined by Hart and Polan (1984) and marker concentration was determined by atomic absorption spectroscopy using a nitrous oxide-acetylene flame.
In Situ Digestion. Dry-rolled corn (7 g), DRGS (7 g), corn silage ( 5 g), BM ( 2 g), FTH ( 2 g), and SBM ( 2 g) were incubated in duplicate Dacron bags (52-pm pore size). Incubated sample sizes were on an as-is basis, except for corn silage, which was 90% DM. Bag size was 10 cm x 20 cm for grain and corn silage and 5 cm x 10 cm for BM, FTH, and SBM. Feeds were incubated in the same processed form as fed in the diet, except for corn silage, which was freeze-dried and ground through a 2-mm screen. Incubation times were 4, 8, 12, 18, 24, and 48 h. Starting on d 14, bags were placed in the rumen in reverse order of incubation time, which allowed simultaneous removal of all bags. After incubation, bags were rinsed with warm tap water until the rinse water was clear, dried for 48 h at 55"C, and weighed. Incubated grain samples were ground through a l-mm screen and analyzed for starch (Herrera-Saldana and Huber, 1989) determined as the slope of the line defined by regressing the natural log of percentage of starch or N remaining against time of incubation. Rates of starch and N disappearance were calculated using the linear portion of the disappearance curve. For all feeds except corn silage, all incubation times were used in the rate estimate. For N disappearance of corn silage, only 0, 4, and 8 h were used in the rate calculation. Estimated escape N of each feedstuff was calculated using the following equation: escape N = rate of passagekate of passage + rate of disappearance).
Ruminal Evacuation. Total ruminal contents were evacuated at 0900 on d 16. Contents were weighed, subsampled, and placed back into the rumen. On each subsample, DM and starch were determined.
Sta tis tica 1 Analysis
Finishing Trial. Animal performance data and carcass traits were analyzed as a randomized complete block design using the GLM procedure of SAS (1985). Pen-within-year was used as the experimental unit. Model effects included block, grain source, protein source, and grain source x protein source interaction; the block x grain x protein source interaction was used as the error term. Preliminary analysis showed no interactions with year, and thus year was not included in the model.
Metabolism
Trial. All data, except supplement passage rates and in situ disappearance data, were analyzed as a Latin square design using the GLM procedure of SAS (1985) . The model included steer, period, and treatment; the steer x period x treatment interaction was used as the error term. Means were computed, and preplanned comparisons were made using the GLM procedure. Preplanned comparisons included the following: 1 ) DRC vs DRGS, 2 ) urea vs urea-BMiFTH, 3 ) grain source x protein source interaction (excluding DRC-SBM treatment), and 4 ) urea-BMiFTH vs SBM.
Because supplement passage rate was not measured in steers supplemented with urea, passage rates of BM, FTH, and SBM were analyzed as a completely randomized design using the GLM procedure of SAS (1985) . The model included protein source and steer; the residual was the error term.
In situ starch and N disappearance were analyzed as a split-plot design; whole plot effects were steer, period, and treatment and subplot effects were incubated feed and incubated feed x dietary treatment interaction. The error term for the whole plot was the steer x period x treatment interaction, whereas the residual was the error term for the subplot.
Results
Finishing Trial. During the first 41 d, calves supplemented with a combination of urea and BM/ FTH gained the same but were more efficient ( P < = healthy liver; 1 = one or two small abscesses; 2 = two to four active abscesses; 3 = one or more large abscesses; 4 = adherence of abscesses to diaphragm or digestive tract. fGrain x protein interaction ( P < .01). .05) than calves supplemented with urea alone (Table  3) . After 79 d and by the end of the trial (199 d), feed intake, daily gain, and gainlfeed were not affected by source of supplemental protein. Over the entire trial, calves fed DRC consumed less feed ( P < .01), gained the same, and were 10.9% more efficient ( P < .01) than calves fed DRGS. Hot carcass weight, backfat, and liver abscess score were not affected by treatment ( P > .20). A grain source x protein source interaction ( P < . O l ) existed for quality grade. Calves fed DRGS had higher quality grades when supplemented with urea-BMETH, whereas quality grades of calves fed DRC were not affected by supplemented protein source.
Calves supplemented with urea-BMiFTH consumed more crude protein and metabolizable protein ( P < .05) than did calves supplemented with urea alone (Table 4) . Over the entire trial, calves fed DRGS consumed more crude protein ( P < .O 1) and metabolizable protein ( P < . l o ) than calves fed DRC.
Metabolism Trial. Dry matter and starch intake
were not affected by treatment ( P > .2; Table 5 ). R uminal fluid volume was not affected by treatment; however, DM fill ( P = .12) and starch fill ( P < .lo) were greater for steers fed DRC than for those fed DRGS. Ruminal passage rates of liquid, Yb-labeled grain, and Er-labeled corn silage were not affected ( P > .20) by grain or protein source. Passage of Yblabeled SBM was faster ( P < .lo) than passage of Yblabeled BM, and the passage rate of Er-labeled FTH was intermediate. Mean passage rates for SBM, BM, and FTH (data not shown) were 6.27, 4.74, and 5.19 f .72%/h, respectively. It is not clear why the passage rate of SBM would be faster than the passage rate of BM, FTH, DRC, DRGS, or corn silage. A grain source x protein source interaction ( P = .06) existed for ruminal N H 3 N. Ruminal NH3 N was higher in steers fed DRC when urea-BM/FTH was the protein supplement source. However, steers fed DRGS had similar ruminal NH3 N regardless of the source of supplemental protein.
Ruminal pH was not affected by dietary treatment. A grain source x protein source interaction ( P = .06) existed for total VFA and propionate concentrations. Steers fed DRC had higher total VFA and propionate concentrations when supplemented with urea than when supplemented with the other protein sources, whereas total VFA and propionate concentrations in steers fed DRGS were not affected by source of protein. Acetate concentrations were higher ( P < .lo) for steers when fed DRGS than when fed DRC, whereas butyrate concentrations and acetate:propionate ratios were not affected by dietary treatment.
Dietary grain source did not affect in situ N disappearance or interact with dietary protein source (Table 6 ). In situ rates of N disappearance of the CProtein effect ( P < .01).
dGrain effect ( P < .lo). eGrain effect ( P < .01). fCalculated using equations of Burroughs et al. (1974) . grains, protein sources, and corn silage were faster ( P < .05) when incubated in diets supplemented with urea-BMiFTH compared with diets supplemented with urea alone.
Estimated percentage of N escaping ruminal degradation ( Ruminal passage, %/h aBM = blood meal; FTH = feather meal, SBM = soybean meal. bGrain effect across like protein sources ( P = ,121.
CGrain effect across like protein sources ( P < .IO).
dGrain x protein interaction ( P = .06).
Within rolled corn, urea-BM/E"TH vs SBM ( P < . l o ) . excluding SBM, is used as the passage rate for SBM (4.39%/h), the estimated percentage of N escaping ruminal degradation is 43.4%. Because the rate of N disappearance of DRGS was increased ( P < .05) when the diet contained urea-BMPTH, estimated ruminal escape N of DRGS was 68.0 and 59.2% when the diet was supplemented with urea and urea-BMiFTH, respectively.
Rate of in situ starch disappearance and 12 and 18 h extent of starch digestion were greater ( P < .O 1 ) for DRGS (finely rolled) than for DRC (coarsely rolled) incubated as-fed (Table 8) . Source of dietary protein did not affect 12-or 18-h extent of starch disappearance ( P > .20), but a grain source x dietary treatment interaction existed for rate of starch disappearance ( P < .05). Rate of starch disappearance was faster when the diet was supplemented with urea-BMPTH protein and contained the incubated grain source. Dietary protein source had no effect on rate of starch digestion if the incubated grain was not included in the diet.
Discussion
Finishing 7'riaZ. Calves supplemented with urea-BM/FTH were more efficient ( P < .05) than calves supplemented with urea during the first 41 d (Table  3) . Although the advantage in feed efficiency of calves supplemented with urea-BMPTH was not statistically different at the end of the trial, the magnitude of increased efficiency was maintained for calves fed DRC, but not for calves fed DRGS. This suggests that calves that are fed DRC and are deficient in metabolizable protein early in the finishing period may not compensate for lost efficiency later when metabolizable protein is not limiting. Peterson et al. (1973) and Braman et al. (1973) reported similar results when comparing SBM and urea as protein sources for finishing cattle. Others have reported no response to escape protein supplements in finishing diets compared to urea (Plegge et al., 1983) or SBM (Loerch and Berger, 1981) . Spears et al. (1980) reported that steers fed 90% cracked corn diets based on and supplemented with formaldehyde-treated SBM gained faster than steers supplemented with control SBM. Recently, Trenkle ( 1992) reported an increased metabolizable protein requirement when largeframed, yearling finishing steers were implanted with Synovex-S@ and Finaplix-S@ (Hoechst-Roussel AgriVet Company, Somerville, NJ). Daily gain was directly related to metabolizable protein intake in both the first 85 d and the final 112 d of finishing. Discrepancies in the literature are likely related to age and(or) weight of cattle, breed of cattle, length of feeding period, grain source, and(or) implant strategy. Metabolizable protein intakes were calculated using the system of Burroughs et al. (1974) incorporating protein escape values of feeds determined in Exp. 2 and compared to NRC (1985) protein requirements (Table 4) . Metabolizable protein intakes were below Response of large-framed calves to additional metabolizable protein during the early finishing period is likely the result of several factors. Rate of protein growth is decreased with increased body weight, reflecting the effects of age on protein deposition (Byers and Rompala, 1980) . In addition, cattle being adjusted to a high-concentrate diet are commonly started on adaptation diets that typically contain 20 to 60% roughage. Roughage sources (hays and silages) are relatively low in escape protein compared to corn or grain sorghum (NRC, 1985) . Thus, in the early feeding period, contribution of basal diet protein to the calfs requirement is at its lowest point, which magnifies the need for supplemental escape protein.
Metabolism Trial. The increased DM and starch fill when steers were fed DRC compared with DRGS likely reflected the faster rate and extent of ruminal starch digestion of DRGS compared with DRC as determined in situ. These findings are contrary to those of Spicer et al. (1986) and Streeter et al. ( 1990) , who reported greater ruminal starch digestibilities for DRC than for DRGS. In addition, the lower energy value of DRGS than that of DRC is widely accepted (NRC, 19841 , which usually results in reduced feed efficiency for DRGS compared with DRC as reported in Trial 1. However, the source of DRGS fed in the finishing trial was a bronze sorghum of unknown hydrids, whereas the sorghum used in the metabolism study was a cream hydrid with high in vitro starch disappearance. Douglas et al. (1990) fed this same cream variety to broilers and found that daily gain and feed efficiency were equal to that of corn. Particle size differences between DRGS (geometric mean diameter [ GMDI = 1.0 mm) and DRC (GMD = 3.1 mm) fed in the metabolism study may have also affected ruminal starch fill and in situ starch disappearance. Galyean et al. (1981) and Thomas et al. (1988) reported increased rate of DM and starch digestion in grain with smaller particle sizes. If the DRC and DRGS fed in the metabolism trial were equal in energy value when ground to a similar particle size, as suggested by Douglas et al. (1990) , it is possible that starch from DRGS was more extensively degraded in the rumen than starch from DRC because of particle size differences.
The reasons for the reduced total VFA and higher ruminal NH3 N concentrations in steers fed DRC supplemented with escape protein are unknown. Molar proportions of individual VFA were similar across treatments, as were acetate:propionate ratios.
Increased rate of N disappearance of incubated feeds when the diet contained SBM or urea-BM/FTH may indicate ruminal microbial adaptation to these protein sources. Similar results were found by Loerch et al. (1983a) . We conclude that for accurate in situ N degradation estimates, especially for more degradable protein sources such as SBM, the diets of cattle used for in situ studies should contain the incubated feeds being tested.
Estimated escape N, determined by combining passage and digestion rates, were highest for BM and FTH, intermediate for DRC, DRGS, and SBM, and lowest for corn silage. Escape N of DRC (65.7%) was within the range of 58 to 73% escape N values for DRC reported by Zinn and Owens ( 1983) . Escape N in BM (93.3%) was higher than the 82% (Loerch et al., 1983b ) and 85% (Stock et al., 1986) escape BM N reported elsewhere, determined using intestinally cannulated steers fed a corncob basal diet.
Escape N in FTH (91.7%) was higher than reported by Goedeken et al. (1990a,b) when steers were fed alfalfa or corncob basal diets. They reported 12-h in situ N disappearance values similar to our values; however, passage rates were not determined. Protein efficiency, measured in growing calves, of FTH was similar to BM in one trial (Goedeken et al., 1990a) and less than BM in another trial (Goedeken et al., 1990b) .
Escape N in DRGS averaged 63.6%, which agreed with the 66 to 80% escape N values measured in vivo of four sorghum hybrids reported by Streeter et al. (1990) . Escape N of DRGS was greater when diets were supplemented with urea (68%) than when diets were supplemented with urea-BM/FTH (59.2%).
These results may reflect greater populations of Ndigesting bacteria when urea-BMiFTH was included in the diet. The increased rate of N disappearance when urea-BM/FTH was included in the diet compared with urea alone was greater for DRGS than for DRC. In addition, rate of starch disappearance of DRGS and DRC was increased by 17 and 15%, respectively, when steers fed these grain sources were supplemented with urea-BMFTH compared with urea alone. Although greater with sorghum, both corn and grain sorghum starch granules can be completely surrounded by a barrier of protein that reduces the exposed surface area for enzymatic attack (Rooney and Pflugfelder, 1986) . Supplementing small amounts of a natural protein supplement in DRGS-based diets may indirectly improve the energy value of DRGS if enhanced ruminal protein digestion occurs, thus allowing more complete starch digestion to proceed.
Escape N in SBM (52 or 4396, depending on passage rate estimate) was greater than the average of values (28%) reported by NRC (1985) but was within its reported range (10 to 61%). Loerch et al. (1983a) reported that 12-h in situ escape N of SBM increased from 33 to 55% as level of high-moisture corn in the diet increased from 20 to 80%. Ruminal pH decreased with increased high-moisture corn level in the diet. They hypothesized that the reduced ruminal protein degradation of SBM in cattle fed high-grain diets was primarily due to a lowered ruminal pH, which decreased protein solubility and possibly reduced the number of proteolytic bacterial species. Ruminal pH in our study averaged 5.7 and was similar to pH values reported by Loerch et al. (1983a) .
Implications
Large-framed calves finished directly after weaning make rapid and efficient gains and may be deficient in metabolizable protein early in the finishing period ( c 79 d). However, as the calves grow and fatten, declining protein requirements coupled with increased feed and metabolizable protein intake result in an excess feeding of metabolizable protein. Corn and sorghum grain are high in escape protein and contribute to the high metabolizable protein intakes of finishing cattle. A practical system of finishing largeframed calves may be to switch from a high bypass protein supplement to a nonprotein nitrogen supplement after 40 to 80 d.
